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The saturation magnetic moment Ms and the Curie temperature TC of the half-metal-type Co2CrGa
Heusler alloy have been investigated. The value of Ms at 4.2 K for the L21-type Co2CrGa alloy is
3.01 mB/ f.u., in agreement with the generalized Slater-Pauling line and the theoretical calculation.
The Curie temperature TC and the phase-transformation temperature Tt from the L21 to B2-type
structure are 495 and 1050 K, respectively. The band calculations disclose that the spin polarization
is also relatively high in the B2-type structure, although its estimated TC is about 100 K lower than
that of the L21-type structure. © 2004 American Institute of Physics. [DOI: 10.1063/1.1790029]
Investigations on the half-metallic ferromagnets (HMFs)
have been now most attractive in the field of spintronics
because they are promising candidates for the spin-
dependent devices, such as the tunneling magnetoresistance
(TMR) and magnetic random access memory (MRAM)
devices. The HMFs showing a complete s=100% d spin
polarization were firstly pointed out by de Groot et al.
from the band calculations for the C1b(half-Heusler)-type
alloys of NiMnSb and PtMnSb.1 Subsequently, various
L21(full-Heusler)-type HMFs have been investigated from
the theoretical calculations.2–5 The L21 and the B2-type
Co2CrAl alloys have also been reported to exhibit the char-
acteristic evidence of HMFs in their band structures.6–9 How-
ever, the saturation magnetic moment and the spin polariza-
tion of the B2-type Co2CrAl alloy are significantly lower
than the expected values.10,11 It has been verified that an
inevitable spinodal decomposition as well as a precipitation
of A2 phase significantly reduces the half-metallic magnetic
properties.12
Comparing the phase diagram of Co-Cr-Ga13 with that of
Co-Cr-Al14 ternary alloy systems, it is expected that the
Co2CrGa single phase is more obtainable because the
B2-phase region in the Co-Cr-Ga alloy system is much wider
than that in the Co-Cr-Al alloy system. In addition, it has
been reported that the band calculation of the L21-type
Co2CrGa alloys also exhibits a half-metal-type electronic
structure.2 Therefore, the Co2CrGa alloy is expected to be a
promising candidate for applications to spin-dependent de-
vices. In the present study, we have investigated the mag-
netic properties of the L21-type Co2CrGa alloy, together with
the band structures and the Curie temperature TC for both the
L21 and B2-type Co2CrGa alloys.
Alloying was made by melting in an induction furnace in
an argon gas atmosphere. The specimens were annealed at
1373 K for 72 h and quenched into iced water. The compo-
sition of the sample was confirmed with an electron probe
microanalyzer and the metallurgical observations were car-
ried out by using an optical microscope. The structure of the
specimen was identified as the L21 type from x-ray powder
diffractions (XRD) and the transmission electron microscopy
(TEM). The magnetic measurements were made with a su-
perconducting quantum interference device (SQUID) magne-
tometer and a vibrating sample magnetometer (VSM). The
phase-transformation temperature was confirmed from the
differential scanning calorimetry (DSC) measurements. For
the band calculations, the linear muffin-tin orbital (LMTO)
method combined with the atomic sphere approximation
(ASA) was used within the framework of the local spin den-
sity (LSD) functional approximation.15 The coherent poten-
tial approximation (CPA) was complemented for the calcula-
tion of the B2-type structure. The Curie temperature TC was
estimated in the molecular field approximation scheme.16,17
Figure 1 shows the temperature dependence of the mag-
netization measured in the magnetic field of 0.5 T and the
DSC curve measured in the heating rate of 5 K/min for the
L21-type Co2CrGa alloy. In the DSC curve, two endothermic
peaks are observed, as indicated by the arrows. The peak in a
low-temperature side corresponds to the Curie temperature
TC and the other one in a high temperature to the phase-
transformation temperature Tt from the L21 to the B2-type
structure. The order-disorder transition was confirmed by
TEM observation of the antiphase domain structure, as re-
ported in our previous results.12 From the results of the mag-
netic and the DSC measurements, TC and Tt were defined to
be 495 and 1050 K, respectively. The saturation magnetic
moment Ms measured at 4.2 K for the L21-type Co2CrGa
alloy is 3.01 mB/ f.u. in accord with the generalized Slater-
Pauling line, that is, Mt= =Zt−24. Here Mt and Zt represent
the total spin magnetic moment per formula unit and the
total number of valence electrons, respectively.4,18 For the
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Co2CrGa alloy, the total number of valence electrons is
27, and hence the total spin magnetic moment is calculated
to be 3.
The density of states (DOS) calculated by the LMTO-
ASA method for the L21 and B2-type structures of the
Co2CrGa alloy are shown in Figs. 2(a) and 2(b), respectively.
For the calculations of the B2-type structure, the CPA
method was cooperated. The upper and lower curves in each
figure refer to the majority and minority spin states, respec-
tively. The DOS of the L21-type structure Fig. 2(a) is in
agreement with the previous results,2 showing a half-metal-
type electronic structure. Therefore, it can be said that the
L21-type Co2CrGa is one of the half-metal-type ferromagnets
from the results of the band calculations and the present
magnetic data. As shown in Fig. 2(b), the DOS of the
B2-type is almost half-metal type and exhibits a high spin
polarization. This behavior is similar to that of the
Co2Cr1−xFexAl alloy system, in which the systematic theoret-
ical calculations have been carried out,8,9 and pointed out
that the disordering between the Al and the (Cr, Fe) sites
scarcely degrades the spin polarization. On the other hand,
the disordering between the Co and the (Cr, Fe) sites brings
about a significant reduction of the spin polarization.8,9 In
fact, from the experiments, the spinodal decomposition is
inevitably in the Co2CrAl alloy, resulting in the reduction of
the saturation magnetic moment and the Curie temperature.12
The calculated magnetic moment of each atom
Mcal smB/atomd, the calculated total magnetic moment
Mtotcal smB/ f.u.d, the calculated spin polarization P s%d, the
saturation magnetic moment at 4.2 K Ms smB/ f.u.d, the ex-
perimental Curie temperature TCexp sKd, and the calculated
Curie temperature TCcal sKd obtained in the molecular field
approximation scheme for the Co2CrGa alloys with the L21
and B2-type structures are listed in Table I. Although the
magnetic moment of each atom for the L21-type is slightly
different from those of the reported theoretical results, the
calculated total magnetic moments Mtotcal are in good agree-
ment with each other. It is noted that the B2-type structure
also exhibits a high value of P. Furthermore, the experimen-
tal Curie temperature TCexp accords to the theoretical value
TCcal within the molecular field approximation. From the
present theoretical results, it becomes clear that TCcal of the
B2-type structure is about 100 K lower than that of the
L21-type structure although the total magnetic moments
Mtotcal are almost equivalent. Experimentally, no B2-type
phase can be obtained due to the high stability of the
L21-type phase.
Previously, the saturation magnetic moment Ms of
Co2CrGa with the L21-type phase identified by XRD was
reported to be 2.36mB/ f.u.,10,19 being lower than that of the
present value. One may notice that the s phase often exists
in the binary and ternary alloys composed of the transition
TABLE I. The calculated magnetic moment of each atom Mcal smB/atomd, the calculated total magnetic mo-
ment Mtotcal smB/ f.u.d, the calculated spin polarization P s%d, the saturation magnetic moment at 4.2 K Ms
smB/ f.u.d, calculated and experimental Curie temperatures TCcal and TCexp (K) of the Co2CrGa alloys for the L21
and B2-type structures.
Structure
MCocal
smB/atomd
MCrcal
smB/atomd
MGacal
smB/atomd
Mtotcal
smB/ f.u.d
P
(%)
Ms
smB/ f.u.d
TCcal
(K)
TCexp
(K)
L21 0.901 1.283 −0.074 3.011 95 3.01 419 495
B2 0.823 1.437 −0.058 3.025 84 - 295 -
FIG. 1. Temperature dependence of the magnetization measured in a mag-
netic field of 0.5 T and the DSC curve with the heating rate of 5 K/min for
the L21-type Co2CrGa alloy. The temperatures TC and Tt indicate the Curie
temperature and the transformation temperature from the L21-type to the
B2-type structure, respectively.
FIG. 2. Density of states of the Co2CrGa alloy with (a) the L21-type struc-
ture and (b) the B2-type structure. The upper and lower curves in each panel
correspond to the majority and the minority spin states, respectively.
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metals, and the magnetic state of the s phase for CoCr alloy
is paramagnetic.20 We have reinvestigated under the same
heat treatment. In the specimen annealed at 973 K for 1
week, the precipitations were confirmed by XRD and metal-
lurgical observations. From our detailed investigations for
the phase diagram of the ternary alloy system of Co-Cr-Ga,
the precipitations are associated with the s (the space group:
P42/mnm) and « (the space group: P63/mmc) phases. Al-
though the magnetic state of the « phase is ferromagnetic, its
magnetic moment is smaller than that of the L21-type
Co2CrGa alloy.21 Therefore, the low value of Ms reported
previously is attributed to the precipitations of the s and «
phases.
In summary, the magnetic properties of L21-type
Co2CrGa alloy have been investigated. The saturation mag-
netic moment Ms at 4.2 K is 3.01mB/ f.u., being consistent to
the theoretical value and the generalized Slater-Pauling line
given by Mt=Zt−24. Furthermore, it is clear from the theo-
retical calculations that the band structure of B2-type struc-
ture also exhibits a half-metal type and the calculated Curie
temperature TC is about 100 K lower than that of the
L21-type structure. Metallurgically, it is important to note
that the L21-type phase of Co2CrGa is much more stable,
compared with that of Co2Cr1−xFexAl.
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